The present study was conducted to determine the effect of hexaconazole (HEX), a triazole fungicide, on the growth, yield, photosynthetic response and antioxidant potential in cucumber (Cucumis sativus L.) plants subjected to UV-B stress. UV-B radiation and HEX were applied separately or in combination to cucumber seedlings. The growth parameters were significantly reduced under UV-B treatment, however, this growth inhibition was less in HEX treated plants. HEX caused noticeable changes in plant morphology such as reduced shoot length and leaf area, and increased leaf thickness. HEX was quite persistent in inhibiting shoot growth by causing a reduction in shoot fresh and dry weight. HEX noticeably recovered the UV-B induced inhibition of biomass production. Significant accumutation in anthocyanin and flavonoid pigments in the leaves occurred as a result of HEX or UV-B treatments. HEX permitted the survival of more green leaf tissue preventing chlorophyll content reduction and higher quantum yield for photosystemⅡ under UV-B exposure. HEX treatment induced a transient rise in ABA levels in the leaves, and combined application of HEX and UV-B showed a significant enhancement of ABA content which activates H2O2 generation. UV-B exposure induced accumulation of H2O2 in the leaves, while HEX prevented UV-B induced increase in H2O2, indicating that HEX serves as an antioxidant agent able to scavenge H2O to protect cells from oxidative damage. An increase in the ascorbic acid was observed in the HEX treated cucumber leaves affecting many enzyme activities by removing H2O2 during photosynthetic processes. The activities of antioxidant enzymes including catalase(CAT), ascorbate peroxidase(APX), superoxide dismutase(SOD) and peroxidase(POD) in the leaves in the presence of HEX under UV-B stress were higher than those under UV-B stress alone. These findings suggest that HEX may participate in the enhanced tolerance to oxidative stress. From these results it can be concluded that HEX moderately ameliolate the effect of UV-B stress in cucumber by improving the components of antioxidant defense system.
Introduction 1)
Reduction in global stratospheric ozone has led to increased solar UV-B radiation (290 -315 nm) reaching the earth's surface. High levels of UV-B may constitute a significant environmental stress for terrestrial plants limiting plant yield and distribution in many regions of the world. UV-B radiation induces a multitude of rapid and longterm morphogenic responses which are mediated by an unknown number of unidentified photosensory systems (Jansen, 2002) .
Some UV-B driven morphogenetic responses may not involve a dedicated photosensory system, but rather are a consequence of UV-B induced change in secondary metabolism. Previous studies have demonstrated several detrimental effects of UV-B on plants, including DNA damage, inhibition of photosynthetic activity and growth (Mark and Tevini, 1997) . In order to prevent these harmful effects of UV-B radiation, plant have developed several defense mechanisms, including repair of inflicted damage and screening of the internal tissues against the radiation. Numerous studies have shown that UV-B radiation induces reductions in plant growth and crop yield in several species. Several mechanisms for tolerance to UV-B have been proposed, including enhanced synthesis of UV-B absorbing pigments, leaf thickening, increased synthesis of cuticular wax and reduced leaf expansion (Caldwell et al., 1995) .
Enhanced free radical scavenging capacity to control oxidative damage incurred from UV-B radiation is also thought to contribute to UV-B tolerance. These are, in part, due to the direct effects of UV-B radiation on phosystem Ⅱ, nucleic acids, enzymes, pigments and growth regulators or to its indirect effects administered through the formation of reactive oxygen species (ROS) like superoxide and hydroxyl radicals and hydrogen peroxide.
High doses of UV-B light induce the production of ROS including peroxidase and free radicals, causing damage to proteins, lipids and DNA, and affecting the cell integrity, morphology, and physiology of plants (Frohnmeyer and Staiger, 2003) . The level of damage caused by these factors depends on the effectiveness of the cellular defense mechanism, which includes scavenging enzymes such as superoxide dismutase, peroxidase and catalase, and nonenzymatic component such as ascorbic acid and reduced glutathione.
Triazole compounds such as paclobutrazole, triadimefon, hexaconazole etc. are widely used as fungicides and they act as growth regulator that has a profound influence on hormonal balance, photosynthetic rate, enzyme activities, lipid peroxidation and yield component in various plants . Triazole compounds induce a variety of morphological and physiological responses in various plants, including retardation of shoot growth, decreased internodal elongation, increased root to shoot ratio, enhancement in alkaloid production and increased cytokinin and abscisic acid (Jaleel et al., 2007b; Kishorekumar et al., 2007) . They affect the isoprenoid pathway and alter the levels of certain plant hormones by inhibiting gibberellin synthesis, reducing ethylene evolution and increasing cytokinin levels (Manivannan et al., 2008) . Crop plants are often subjected to environmental stresses that interfere with normal physiological processes affecting growth, development and, ultimately, crop yield. Triazoles have been called plant multiprotectants because of their ability to induce tolerance in plants to environmental and chemical stresses, including drought, chilling, heat, ozone and oxidative conditions (Fletcher et al., 2000) . Previous works revealed the increased antioxidant potentials and an enhancement in alkaloid production under triadimefon application (Jaleel et al., 2006) , induction of salt stress tolerance by paclobutrazol in Catharanthus roseus (Jaleel et al., 2007a ) and drought stress tolerance by propiconazole treatment . Triazoles enhance activities of antioxidant systems to efficiently scavenge free radicals and thus enable plants to better cope with suboptimal environmental constraints.
Therefore, protection of plants from apparently unrelated stress by triazoles is mediated by a reduction in free-radical damage and increase in antioxidant potential.
Hexaconazole (HEX), a broad spectrum fungicide of the triazole group, is reported to induce morphological and physiological changes such as reduction in shoot elongation, stimulation of rooting, inhibition of gibberellin synthesis, altered biochemical constituents including defense-related enzyme and carbohydrate status, and a transient raise in abscisic acid content (Gopi et al., 2007; Johnson et al., 2008) . ppm HEX was applied to the leaves that has been treated with or without UV-B radiation, either alone or in combination with 100 ppm HEX under same growth conditions. After being exposed to various time periods, fresh tissues were directly used for growth analysis or immediately frozen in liquid nitrogen and stored at -70°C for further analysis. 
Ultraviolet-B treatments

Growth measurements
To evaluate shoot growth, shoot length, width and biomass were measured once a day during the growth of seedlings after treatments. Leaf area and thickness was determined with a photoelectric area meter (L1-3100, Lincoln, USA) and thickness meter (ID-C1012 BS, Mitutoyo, Japan), respectively. Shoot fresh weight was measured by using an electronic balance. Shoot dry weight was determined by drying samples for 48 h at 80°C in drying oven and reweighing. For the UV-B stress survival assays, leaves were monitored for bleaching and necrosis and photographs taken at 21th day of treatment were shown.
Determination of photosynthetic pigments
Fully expanded leaves from the plants were frozen, then transferred to N,N-dimethylformamide and stored in the dark at 4℃ until they were analyzed.
The chlorophyll and carotenoid contents were measured spectrophotometrically using specific absorption coefficients of 470, 647 and 664 nm. The concentrations of chlorophyll a, chlorophyll b and carotenoid were calculated according to Inskeep and Bloom (1985) .
Determination of flavonoid and anthocyanin contents
Flavonoid and anthocyanin contents were measured as described by Mirecki and Teramura (1984) with some modifications. Excised leaves (5 g) were homogenized with a mortar and pestle at 4℃ in 5 ml of extraction buffer (99:1 methanol-HCI, v/v). The homogenate was centrifuged at 2,000 g for 10 min at 4℃, and the supernatant was used for assays.
Flavonoid and anthocyanin contents were estimated by measuring their absorbances at 300 and 530 nm, respectively.
Determination of abscisic acid content
Abscisic acid (ABA) present in secondary leaves was analyzed as described by Li et al. (2002) before and after a saturating pulse (Schreiber et al., 1986 ).
Determination of H2O2 content
The content of H2O2 was determined by peroxidecoupled assay according to Veljovic-Jovanovic et al. (2002) . Excised leaves (1 g) were ground with a mortar and pestle in liquid nitrogen, and the powder was extracted in 2 ml of 1 M HClO4 in the presence of insoluble polyvinylpyrrolidone (5%, w/v). The homogenate was centrifuged at 12,000 g for 10 min
at 4℃, and then the supernatant was neutralized to pH 7.5 with 5 M K2CO3 in the presence of 0.1 ml of 0.3 M phosphate buffer (pH 5.6). The solution was centrifuged at 12,000 g at 4℃ for 1 min, and the sample was incubated for 10 min with 1 U of ascorbate oxidase to oxidize ascorbate prior to assay.
The reaction mixture consisted of 0.1 M phosphate buffer (pH 6.5), 3.3 mM 3-(dimethylamino) benzoic acid, 0.07 mM 3-methyl-2-benzothiazolinone hydrazone, and 0.3 U of peroxidase. This reaction was initiated by the addition of 0.2 ml of sample. The absorbance was recorded at 590 nm and compared with increases elicited by standard samples of hydrogen peroxide.
Determination of antioxidant enzyme activity
Leaves (0.5 g) were homogenized in pre-cooled mortar and pestle with 10 ml of 50 mM potassium phosphate buffer (pH 7.0) containing 1 mM EDTA, 1% polyvinylpolypyrrolidone (PVP) and 1 mM ascorbate. The homogenate was centrifuged at 15,000 g for 20 min at 4℃ and the supernatant was used for the enzyme activity assays.
Ascorbate peroxidase (APX) activity was determined according to Chen and Asada (1989) , in a reaction mixture containing 50 mM potassium phosphate buffer (pH 7.0), 0.1 mM EDTA, 0.5 mM ascorbate, 0.1 mM H2O2 and enzyme extract. The decrease in absorbance at 290 nm due to ascorbate oxidation was measured against the blank.
Activity of total superoxide dismutase (SOD) was determined as described by the method of Spychalla and Desborough (1990) . The assay was performed at 25℃ in a 3-ml cuvette containing 50 mM Na2CO3/ NaHCO3 buffer (pH 10.2), 0.1 mM EDTA, 0.015 mM ferricytochrome C, and 0.05 mM xanthine. One unit of SOD is defined as the amount of enzyme that inhibited the rate of ferricytochrome C reduction by 50%. Mn-SOD activity was determined as described above except that the assay mixture contained 2 mM KCN to inactivate Cu/Zn-SOD. Cu/Zn-SOD was calculated from the difference between total SOD and Mn-SOD activities.
Peroxidase ( ) following the method of Polle et al. (1994) . The reaction mixture contained 100 mM potassium phosphate buffer (pH 6.5), 16 mM guaiacol or 50 µM coniferyl alcohol, and 10 µl of 10% H2O2 in a 3-ml volume. The reaction was initiated by adding plant extract and followed for 10 min.
Catalase (CAT) activity was assayed as described by Durner and Klessig (1996) . 
Determination of ascorbic acid
Ascorbic acid (AsA) content was assayed as described by Walker and McKersie (1993) . The extract was prepared by grinding 1 g of fresh material with 5 ml of 10% trichloroacetic acid (TCA), centrifuged at 3,500 g for 20 min, reextracted twice and supernatant made up to 10 ml and used for assay. To 0.5 ml of extract, 1 ml of 6 mM 2,4-dinitrophenylhydrazinethiourea-CuSO4 (DTC) reagent was added, incubated at 37℃ for 3 h and 0.75 ml of ice-cold 65% H2SO4 was added, allowed to stand at 30℃ for 30 min and resulting colour was read at 520 nm in spectrophotometer. The AsA content was determined using a standard curve prepared with AsA.
Statistical analysis
Statistical analysis was performed using the SAS program (Ver. 9) for Windows statistical software package. Data for the parameters were analyzed by one way analysis of variance (ANOVA) followed by Duncan's Multiple Range Test (DMRT). Values represent mean ± SE for three replicates per treatment. P values < 0.05 were considered as significant.
Results and Discussion
Effect of HEX on morphological parameters under UV-B stress
HEX-treated leaves appeared much darker green compared to untreated controls (Fig. 1) , indicating that this has been correlated with an increase of the chlorophyll content in the leaves. Actually, the foliage of triazole-treated plants exhibited intense dark Fresh-and dry-matter accumulations were remarkably suppressed by enhanced UV-B radiation (Table 2) . As compared to the control, HEX affected shoot biomass to a lesser extent, but the effects of HEX varied between untreated and treated UV-B stress. The combination of UV-B with HEX relieved the inhibition of UV-B treatment in the shoot biomass. In HEX-treated cucumber, shorter shoots and smaller, thicker leaves than control plants are typical manifestations of triazole treatments, and may 
Effect of HEX on photosynthetic responses under UV-B stress
Overall chlorophyll content was significantly higher in the treatment of HEX when based on fresh weight (Table 3) . HEX increased the chlorophyll and carotenoid content, and affected chlorophyll a to a level higher than chlorophyll b. The increase in chlorophyll content with triazole treatment is attributed to the ability of triazoles to the increase to the cytokinin level and thereby the stimulation of chlorophyll biosynthesis (Fletcher et al., 2000) .
Under UV-B radiation, HEX treatment showed significant effects on photosynthetic pigments, indicating that HEX alleviated UV-B stress. Increased chlorophyll synthesis was observed with paclobutrazol treatment under low temperature in wheat seedlings (Berova et al., 2002) and triadimefon treatment under chilling stress in cucumber seedlings (Feng et al., 2003) .
These results therefore indicate that UV-B induced chlorophyll loss was reversed by HEX, and HEX has protective effects on chloroplast membrane subjected to UV-B induced oxidative damage.
The ratio of chlorophyll fluorescence (Fv/Fm), which is a good indicator of photosynthetic efficiency in photosystem II activity, was greatly reduced under UV-B radiation (Fig. 2) . In contrast, none of the chlorophyll fluorescence measured for the HEX-treated plants were significantly decreased. Treatment with HEX induced significant increase in Fv/Fm ratios, whereas the ratios declined a lesser extent under combined application with UV-B radiation. These findings demonstrate that the reduction in Fv/Fm ratio due to UV-B stress was largely prevented by HEX treatment and chloroplast membranes were protected to a larger extent from damage induced by UV-B stress. Both the reduction in PS II efficiency and the There was a significant increase in abscisic acid (ABA) content under UV-B stress, and combination of UV-B with HEX increased the content to a higher level than that of UV-B treated plants (Fig. 3) . The results Activities of SOD and peroxidase showed increasing pattern initially then decreasing over time under UV-B stress alone (Fig. 6 ). In contrast, the promotive effect of HEX on these enzymes showed constant level in late growth period.
In addition to their growth regulatory and fungicidal effects, triazoles protected plants from injury due to biotic and abiotic stresses, including temperature extremes, drought and air pollutants. From the results it has been suggested that simultaneous effects of In addition, some of these protective systems have been shown to be induced by other stresses. Paclobutrazol treatment retained more SOD activities than control plants in salinity stressed soybean plants (Manivannan et al., 2008) and in drought stressed Arachis plants . Triadimefon treatment increased APX and SOD activity in drought stressed Catharanthus roseus plants (Jaleel et al., 2006) .
The ascobic acid (AsA) content of the leaf tissue increased with age in the HEX-treated and control plants (Fig. 7) . UV-B stress caused a drastic reduction in AsA content, while HEX treatment significantly increased the AsA content as compared to control.
Combination of UV-B and HEX induced remakable increase in the AsA levels. Ascorbate has a photoprotective function as antioxidant and functions as radical scavenger by removing H2O2 generated during photosynthetic processes. Additionally, ASA is also involved in the modulation of PSⅡ activity (Foyer and Noctor, 2003) . APX utilizes AsA as on electron donor in the neutralization of H2O2 (Jaleel et al., 2007a) . The decrease in the AsA content of cucumber seedlings upon UV-B exposure might be a consequence of substained oxidative stress. HEX increased the level of antioxidants including
AsA and -tocopherol, and protected the membrance by preventing or reducing oxidative damage. Triadimefon, drought and salt stress treatments increased the AsA content in Catharanthus plants (Jaleel et al., 2006; 2007a) . Paclobutrazol treatment retained more AsA content than that of control in Citrus limon (Jain et al., 2002) . There is increasing evidence that stress protection by triazole is mediated by a reduction in free radical damage and increase in antioxidant potential. However, the combined effect of triazole and other stress treatments on antioxidant levels remain to be investigated. From these findings it can be concluded that HEX moderately ameliolate the effect of UV-B stress in cucumber and increase antioxidant enzyme activities that protect them against free radical damage, thus mediate tolerance to elevated level of UV-B radiation. 
Conclusions
